Population and methods The mortality from measles was studied in an urban area
Introduction
The high mortality caused by measles virus in developing countries is usually attributed to malnutrition and young age at infection. ' The decline in mortality from measles, such as occurred in the industrialised world during the beginning of this century, has therefore been explained as a result of improved nutrition2 and increased age at infection.3 Recent community studies, however, have found no relation between premorbid state of nutrition and the subsequent risk of dying of measles. 45 Instead, high mortality in severe epidemics of measles in Guinea-Bissau was associated with clustering of cases and the intensity of exposure in secondary cases in the household.67 This suggests that reduced clustering and diminished exposure may result in a decline in mortality from measles. We report on further community studies from GuineaBissau, which provided an opportunity to examine these contrasting hypotheses concerning the decline in mortality from measles.
The incidence of measles and mortality from the disease have been monitored in Bandim, an urban district in the capital of Guinea-Bissau, from the beginning of 1979 to the end of 1984. 4 '0 Vaccinations were introduced in Bandim in January 1980 and the rate ofcoverage has been maintained at over 80%. 9 Our study population consisted of all patients who had measles in Bandim between January 1979 and December 1984 as well as people registered in Bandim who contracted measles outside the district during the period. There was no difference in mortality between Bandim residents registered before the occurrence of measles and new residents or visitors registered during an attack of measles in Bandim. confidence interval 0 37 to 0-91; p<005; Mantel-Haenszel x2=5S7). Table I shows that the decline in mortality was confined to children aged under 2. In line with other reports from this community46 there was no relation between weight for age at the examination immediately preceding the attack of measles and the subsequent risk of dying of the infection (table III) .
The lower age at infection in the community was due to prior immunity from infection or immunisation of most of the older children. Younger children were therefore less likely to be infected simultaneously with an older sibling. The In all periods age specific case fatality ratios were much lower among isolated cases than among secondary cases ( .
Because of the inverse relation between age and severity of infection within a community it has been suggested that age at infection is an important determinant of mortality in the community.' '7 This emphasis on age at infection is clearly not supported by data from Bandim, where age at infection and case fatality fell simultaneously; nor from Quinhamel, where there was both a high median age at infection and a high case fatality ratio.
Variation in mortality in Guinea-Bissau is better explained by changes in clustering of cases. Isolated cases had a much lower case fatality ratio than secondary cases throughout the study period. As the incidence of isolated cases of measles increased in Bandim, part of the decline in mortality may be attributed to reduced clustering.
Other factors also contributed to the decline in mortality. Case fatality ratios did not change between 1979 and 1980-2, and only in 1982-4 did the ratio decline. The same level of preventive and curative services was available in Bandim throughout 1980-4. This together with the deterioration in state of nutrition and the stable case fatality ratios among children aged 2-4 years ( Observations from Bandim and Quinhamel suggest that changes in clustering and the intensity of exposure may be important in the variation in mortality from measles. In contrast with the age hypothesis nearly all community studies have shown a high median age at infection in rural areas and that this is associated with high 1227 mortality from the disease.5 From the clustering perspective, however, this is not a contradiction. The interval between epidemics affects the number of susceptible members in a family. In endemic settings there is a high likelihood that other siblings are already immune when measles is introduced in the family. With an increasing interval between epidemics more people are likely to be susceptible simultaneously, which will tend to increase the number of multiple cases and the risk of intensive exposure. This may increase the age specific case fatality ratio. Many factors, including less access to medical care, may contribute to higher mortality in rural areas. Nevertheless, mortality is higher among clusters of cases than in isolated or single cases in both rural7 and urban areas. 6 Hence the higher mortality reported in virtually all rural epidemics compared with urban outbreaks of measles' is probably related to the greater degree of clustering in rural zones.
The clustering and exposure hypothesis also suggests that measles immunisation may have unexpected effects on mortality. Measles vaccination reduces the concurrence of cases because some children have already been immunised before measles is introduced in a given household. By reducing the clustering ofcases vaccination should lower the risk of intensive exposure. Data from Bandim suggest that this may lower mortality even among unvaccinated children who contract the disease.
These studies from Guinea-Bissau may also have consequences for our understanding of the dramatic decline in mortality from measles which occurred in the beginning of this century in the industrialised world.3 There is no specific evidence that this decline was due to improved nutrition. In contrast, it has recently been argued that change in the age at infection was a main factor in the decline in mortality from the disease in England and Wales during the early decades of this century.3 '8 Reduced family size as a result of lower fertility presumably raised the age at infection, thereby leading to a fall in the case fatality ratio. (table IV) . The fall in mortality was also concentrated among children under 2, whereas mortality remained constant among older children (tables I, IV). This produced a trend towards a higher median age in deaths associated with measles. Hence the prevalence of children aged 5 and over among fatal cases of measles increased from 4% (3/77) Our study suggests that those sociocultural and epidemiological factors which help reduce clustering of cases and intensive exposure may help to reduce mortality from measles. Decline in deaths may occur irrespective of concurrent improvements in nutritional state, hygienic conditions, and therapeutic practices or changes in the age composition of patients.
